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each of genera  l iving t o d a y  (2 n = 62). F rom these  3 AC 
pairs (A, B, C) m i g h t  have  arisen - t h rough  a simple cen- 
t romer ic  (Rober tsonian)  f u s i o n -  the  chromosomes  typica l  
of Andrias (B + C, A) or those  of Cryptobranchus (A + B, 
C) (figure 7). 
Dur ing  the  evolut ion  of Caudates,  the  ka ryo type  seems to 
have  d i f fe ren t ia ted  by  a progressive reduc t ion  in the  
n u m b e r  of the  chromosomes ,  no t ab ly  ACs and micro-  
chromosomes ,  due pe rhaps  to  centr ic  fusions or o ther  
mu ta t i ona l  even ts  1~ F r o m  this  s t andpo in t ,  the  Crypto-  
b ranch ids  do no t  appear  the  mos t  pr imi t ive  forms of the  
order,  karyologically,  since wi th in  Hynobi ids  some species 
have  more  t h a n  60 chromosomes  ~~ Among  these,  Rano- 
don sibiricus (2 n = 66) is l ikely to be the  species karyolo-  
gically closest  to t he  2 living Cryptobranchids14.  I t  is of 
in te res t  to note  t h a t  Ranodon, owing to various charac-  

ter is t ics  of its deve lopment ,  is regarded  as the  mos t  pr imi-  
t ive  genus wi th in  the  Hynob i id s  ~5. In  view of the  fac t  
t h a t  the  Cryp tobranch ids  p robab ly  represen t  a paedo-  
genetic der iva t ion  f rom anc ien t  Hynobi ids  2-4, a h y p o t h e -  
t ical  ances t ra l  form c o m m o n  to Andrias and Crypto- 
branchus m a y  have  been  equ ipped  wi th  a ch romosome  set  
of more  t h a n  60 elements ,  t h o u g h  near ly  akin enough to  
the  set  of the  2 e x t a n t  genera,  so as to be able to tu rn  in to  
i t  wi th  a m i n i m u m  n u m b e r  of ch romosome  muta t ions .  
(These urodeles are in fact  l ikely to be bradyte l ic  also f rom 
a karyological  po in t  of view.) 

14 A. Morescalchi, G. Odierna and E. Olmo, in press (1977). 
15 I . I .  Schmalhausen, The origin of terrestrial Vertebrates. Aca- 

demic Press, New York and London 1968. 
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Summary. In  the  p rogeny  of in te rchange  he te rozygotes  of Pennisetum typhoides, 2 in te rchange  t r i somic  p lan ts  were 
obta ined.  These were selfed over  2 genera t ions  and  the  cy to logy  of the  parents ,  Sl and s~ p lan t s  was s tudied.  The types  
of mul t ip le  associat ions in the  sl and s~ generat ions  differed f rom those  of the  parent .  A s ignif icant  decrease in m e a n  
ch iasma f requency  was no ted  in s 1 and s 2. 

The t e rm in te rchange  t r i somic  applies to a s i tua t ion  where  
an ex t r a  ch romosome  occurs in an in te rchange  back-  
ground.  If the  ex t r a  ch romosome  consists  of 2 a rms of 2 
nonhomologous  chromosomes ,  it  is known as a t e r t i a ry  
tr isomic.  B o t h  in te rchange  and t e r t i a ry  t r isomics can be 
ob ta ined  in the  p rogeny  of a t rans loca t ion  he terozygote .  
These 2 types  of t r i somics  can be d is t inguished f rom one 
ano the r  by  the i r  charac ter i s t ic  ch romosome  associations.  
In  the  t e r t i a ry  t r isomics,  when  the  ex t ra  chromosome is 
p resen t  as a univalent ,  the  o the r  ch romosomes  will be 
in pairs  and the  cri t ical  conf igura t ion  is the  dumbbe l l -  
shaped  associat ion of 5 chromosomes ,  viz. 2 r ing b iva len ts  
a t t a c h e d  to  a single middle  chromosome,  whereas  in an 
in te rchange  t r i somic  besides associat ions of 5 chromo-  
somes,  a un iva len t  and  a r ing of 4 are expec ted  to occur. 
In t e r change  t r i somics  were previous ly  repor ted  in a 
n u m b e r  of p lants ,  e.g. maize s, P i sum ~, bar ley 4. In  these  
cases, t h e y  were ob ta ined  in the  p rogeny  of t rans loca t ion  
he terozygotes .  

Results and conclusions. In  Pennisetum typhoides S. & H. 
(Gramineae) in the  p rogeny  of in te rchange  he terozygotes ,  
2 p lan ts  wi th  the  ch romosome  n u mb er  2n = 15 ins tead of 
the  normal  2n = 14 were obta ined.  A s tudy  of PMC 
meiosis in these  p lan ts  was carr ied ou t  and a dumbbel l -  
shaped  associat ion of 5 chromosomes  was never  observed.  
Fur the r ,  when  the  ex t ra  ch romosome  was p resen t  as a 
univalent ,  a r ing of 4 chromosomes  was f r equen t ly  
observed indica t ing  t rans loca t ion  background  of th is  
aneuploidy.  
In  an in te rchange  t r i somic  of th is  type ,  there  are 2 
comple te ly  homologous  ch romosomes  and 2 in te rchange  
chromosomes .  The 5th chromosome is a normal  one and 
is homologous  to one of the  chromosomes  involved in the  
t rans locat ion .  Unde r  these  condit ions,  a to ta l  of 9 t ypes  
of p a c h y t e n e  conf igura t ions  can be formed which resul t  
in 9 groups of conf igura t ions  a t  diakinesis  and meta -  
phase  I. These are possible  only under  2 condi t ions :  
a) ch romosome pair ing is in i t ia ted  exclusively a t  the  
chromosome ends;  b) the  3 ends  have  equal  p robab i l i ty  
of being involved in pairing.  W h e n  there  are no in ters t i t ia l  
ch iasmata ,  these 9 types  will consis t  of 6 as chains  of 
5 chromosomes ,  1 as chain  of 3 chromosomes  plus r ing 
b ivalent ,  and 2 each as a r ing of 4 ch romosomes  and a 
un iva len t  ~. The da t a  re la t ing to the  t y p e s  of associat ions 
observed a t  diakinesis  are p resen ted  in the  table.  A m o n g  
the  PMC's  examined,  54~o showed associat ions of 5 

Types of associations of chromosomes in the interchange trisomics 
at diakinesis, a PMC showing 1 chain of 4 chromosomes, 5 bivalents 
and a univalent, b PMC showing frying pan type (1 trivalent attached 
to a ring bivalent) association of 5 chromosomes and 5 bivalents. 

1 Acknowledgment. The author is grateful to Prof. em. J. V. Pan- 
tulu, Department of Botany, Andhra University, Waltair, for 
his suggestions and encouragement. 

2 C. R. Burnham, Proc. nat. Acad. Sei. USA 16, 269 (1930). 
3 E. Sutton, J. Genet. 38, 459 (1939). 
4 R.T. Ramage, Agron. J. 52, 156 (1960). 
5 J. Sybenga, Genetica 37, 481 (1967). 
6 J.V. Pantulu and V. Manga, Theor. appl. Genet. 42, 69 (1972). 
7 J. Sybenga, General Cytogenetics. North Holland Publishing Co., 

Amsterdam, London 1972. 



1582 Specialia EXPERIENTIA 33/12 

Types and frequencies of multivalent associations and ehiasma frequency at diakinesis in the parent, S 1 and S 2 plants 

Plant Association of Trivalents Bivalents Univalents Chiasma frequency Total 
5 4 Ring Rod Mean Variance No. of 
chromosomes chromosomes cells 

*8 11 13 18 6 17 4 
Parent 
interchange 
trisomic 34 2 12 6 10 8 28 408 120 18 12.68 0.7375 100 
s 1 126 3 6 9 6 534 213 33 12.40 0.6845 150 
s~ 80 6 24 40 612 128 130 12.32 0.6577 150 

* Numbers refer to the types of configurations given by Sybenga ~. 

ch romosomes  besides 5 b iva len ts ;  18% showed a ring of 
4 or chain  of 4 and  a un iva len t  (figure a). In  add i t ion  to  
t he  d i f ferent  t ypes  of conf igura t ions  observed,  a few 
o thers  occurred which  were the  consequence  of the  
presence  of in ters t i t ia l  ch i a sma ta  and  pa i r ing  ini t iat ion.  
F r o m  the  d a t a  of the  conf igura t ions  a t  diakinesis,  i t  is 
possible to assess preferen t ia l  pair ing,  if present .  1 t y p e  
of associat ion resul t ing f rom preferent ia l  pai r ing is a 
t r i va l en t  wi th  a r ing b iva len t  (figure b). The f requency  of 
th is  conf igura t ion  is v e r y  low (3.7%) indica t ing  t h a t  
preferent ia l  pai r ing is prac t ica l ly  absen t  in th is  mater ia l .  
The  or ien ta t ion  of t he  mul t ip le  associat ions a t  me taphase  I 
was  s tudied.  The associa t ion of 5 was a l t e rna te  in 18% 
of the  cases, ad j acen t  in 24% and l inear in 10%. Associa- 
t ion  of 4 chromosomes  was a l t e rna te  in 4%, ad jacen t  in 
14% of the  cells. A m o n g  the  t r ivalents ,  ad j acen t  or ienta-  
t ion was observed  in 18%, l inear in 12% and a l te rna te  
in 2% of the  cells. A t  anaphase  I the  d i s t r ibu t ion  of 
ch romosomes  was 7-8. In  2% of the  cells, 1 lagging 
ch romosome  was observed.  The second division was 
normal .  The 2 in te rchange  t r isomics were selfed and the i r  
s 1 and  s~ progenies  were raised. A compara t ive  s t u d y  
of the  cy to logy  of the  s 1 and s, and the  pa ren ta l  in ter-  
change  t r isomics  was a t t e m p t e d  wi th  a view to assess the  
effect  of inbreeding  on the  types  of mult iple  associat ions 

and the  mean  ch iasma f requency.  The following features  
are observed  (table):  in t he  pa ren t s ,  t he  b iva len t  fre- 
quency  was low when  compared  to the  s 1 and  s 2 genera-  
t ions.  This  migh t  be due to  the  h igher  ch iasma frequencies 
in the  paren t .  This difference is s ignif icant  a t  the  5% 
level. 
In  the  pa ren t ,  mu l t i va l en t  associat ions showing h igher  
ch iasma n u mb er s  were observed,  whereas  in the  s 1 and s 2 
genera t ions  the  associat ions of 5 or 4 chromosomes  were 
p r e d o m i n a n t l y  of chain types .  In  the  sl and s 2 generat ions,  
the  o r ien ta t ion  of the  mul t ip le  associat ions a t  me taphase  I 
was ad j acen t  or linear, a l t e rna te  or ien ta t ion  being 
observed  in 4% of the  cells only  in s 1. The pollen fer t i l i ty  
in the  paren ts ,  s~ and  s 2 was 58, 42 and 38% respect ively.  
Inb reed ing  leads to reduced  ch iasma f requency  and  
occurrence of meiot ic  abnormal i t ies .  This effect  has  been  
previous ly  repor ted  for Pennisetum typhoides ~,8. In  the  
p resen t  s tudy ,  inbreeding for 1 and 2 genera t ions  has 
p roduced  a s ignif icant  difference in the  mean  ch iasma 
frequencies,  and a change in t he  types  and  frequencies  
of mul t ip le  associations.  

8 V. Manga and J. V. Pantulu, Proc. Ind. Acad. Sci, Sec. B LXXX,  
105 (1974). 
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Summary .  Inves t iga t ions  of the  green frogs f rom wes te rn  Europe  for e lec t rophore t ic  var ia t ions  a t  4 enzyme loci 
d e m o n s t r a t e d  a new form which  m u s t  be considered as a h y b r i d  be tween  Rana ridibunda and  R. perezi. Biochemical  
evidence suppor t s  the  hypo thes i s  t h a t  i ts  r eproduc t ion  is hybr idogene t ic ,  as it  is for R. esculenta. 

The  c o m m o n  European  green frog, Rana esculenta 
Linnaeus  1758, has been  shown to resul t  f rom na tu ra l  
hyb r id i za t ion  be tween  Rana ridibunda Pallas 1771 and  
R a n a  lessonae Camerano  18821-s. Breeding exper iments ,  
as well as morphologica l  and  genet ic  evidence,  indica te  
t h a t  l i t t le  or no in t rogress ion  occurs be tween  the  2 
species 3, 5-7. Fu r the rmore ,  t h e y  suggest  t h a t  R. esculenta,  
r ep roduc t ive ly  speaking,  is v i r tua l ly  a 1R. r id ibunda.  As 
a m a t t e r  of fact,  the  cross r id ibunda  • esculenta  produces  
exclus ively  r i d ibunda  offsprings,  while the  cross escu- 
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